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ABSTRACT
R32 was selected as the alternative for R410A for mini-split air-conditioners/heat pumps and have already phased
out R410A in residential market in Japan. Recently several new alternatives for R410A have been proposed in order
to achieve more close capacity to R410A and mitigate high discharge temperature issue of R32 as well as to reduce
energy consumption. We selected R32 from among the candidates a few years ago; however it is important to
continue comparing it to new candidates in search for an even better choice.
We carried out performance evaluation for the lower GWP refrigerant R32/R125/R1234yf (67/7/26) and R32. We
also conducted the experiments in cooling operation in high ambient temperature. As the result, we found that the
COP of R32 is superior to the blend because of its latent heat characteristic. In particular, as condensing temperature
increases such as in high ambient temperature operation, latent heat of the blend obtains even smaller. Therefore,
advantage of R32 in COP becomes more significant in high ambient condition.
From the above, we consider that R32 is still the best refrigerant at present. However, we will continue
investigation in search for a better refrigerant.

Key words: GWP, COP, Refrigerant, Heat pump system, R410A, R32/R1234yf, R32, zeotropic, High ambient
temperature

1. INTRODUCTION
In late years the demand for mitigating global warming impact and energy conservation increased significantly, and
we chose R32 as a new refrigerant for reversible heat pump systems. However, it is expected that the demands for
air conditioning will continue to increase in the future, thus minimizing climate impact in CO2 equivalent in the
whole lifecycle of an appliance is essential. Based on this, many researchers of the air conditioning industry and
academia continue searching for new refrigerants. The reasons why we chose R32 were that its GWP (Global
Warming Potential) is 1/3 as small as that of R410A, required refrigerant charge is smaller, it has excellent thermophysical properties to achieve better performance of the reversible heat-pump systems, and. We judged at that time
it was the best refrigerant among the candidate refrigerants from the viewpoint of safety, economy, and environment.
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It is because there is no issue of fractionation, R32 is easy to manage, in charge and recharge processes.
Furthermore, it is attractive from the viewpoints of recovery and recycle.
On the other hand, various refrigerants mixed with R32 have been proposed from many studies, and some of them
which have been reported to be superior in the aspect of GWP and performance. [1], [2], [3]
At this time, new refrigerant R32/R125/R1234yf (67/7/26) was reported as high efficiency refrigerant. [4]
This contains three component refrigerants which is based on 67wt% of R32. We evaluated the refrigerant with a
mini split air-conditioner and compared with R32.

1.1 Properties of the Refrigerants
Table 1 shows the properties of the refrigerants which were evaluated in this study. Refrigerant properties are
computed using REFPROP version 9.1 (Lemmon et al., 2013). We evaluated two refrigerants. One is R32 as the
base refrigerant, and the others is mixed refrigerant of R32/R125/R1234yf as candidate alternatives of which
composition is a 67% of R32, 7% of R125, and 26% of R1234yf. This R32/R125/R1234yf (67/7/26) refrigerant is
zeotropic and has temperature glide.
Next, the calculated COP (Coefficient of Performance) was compared in a cooling operation. The evaluated
conditions were that Condensing Temperature Tc=46°C, Evaporating Temperature Te=12.5°C, Suction Pipe
Temperature Ts =15°C, Condenser Outlet Temperature Tc.out =38°C, and Compressor Efficiency η=70%. The results
are shown in the Table 1 below. As for these calculations the pressure values that have the same temperature at the
mean point to the saturation temperature of R32 was used. The result shows that R32/R125/R1234yf (67/7/26) has
the maximum COP of 4.98 (99.4% compared to R32): an excellent value. Also, this has Temperature Glide (TGL)
of 0.9K.
Compared with the R32, HFO-mix has 77.8% of refrigerating effect and 78.2% of compressor work.
It means that, using HFO-mix requires 28% greater refrigerant mass flow to achieve the same refrigerating capacity
than R32.
Pressure Drop of HFO-mix is larger and Discharge Temperature is 10K lower than that of R32.

Table 1: Calculated Properties of Refrigerants Charged to the Test System
Refrigerant

Temperature Glide: TGL (K) @ 12.5°C

HFO-mix
=R32 / R125 / R1234yf
（67 / 7 / 26）

R32
(Pure)

0.90

0.0

Discharge / Suction Pressure: Pd / Ps (MPa abs)

2.667 / 1.118

2.862 / 1.191

Refrigerating Effect wr (kJ / kg)

193.9 (77.8%)

249.3 (100%)

Compressor Work: ws (kJ / kg)

39.0 (78.2%)

49.8 (100%)

4.98 (99.4%)

5.01 (100%)

0.02427 (86.2%)

0.02814 (100%)

7989 (90.2%)

8858 (100%)

928.12 (102.3%)

907.57 (100%)

1.936 (92.6%)

2.091 (100%)

(160%)

(100%)

73.3

83.4

Coefficient of Performance: COP = wr / ws
3

Specific Volume in Suction vs (m / kg)
3

Volume Capacity = wr / vs (kJ / m )
3

Condenser Outlet Density c.out (kg / m )
Condenser Outlet Isobaric Heat Capacity Cpc.out (KJ/kg·K)
Pressure Loss at Constant Capacity: Ploss (% of kPa)
Discharge Temperature Td (°C)

*Calculation Conditions: Tc=46°C, Te=12.5°C, Suction line Temp.: Ts =15°C, Condenser Outlet: Tc.out=38°C, Compressor
Efficiency: ηcomp =70%, in Cooling Operation.
Saturation temperature of mixed refrigerant is midpoint temperature of two-phase region under constant pressure.
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2. TEST SYSTEM AND CONDITIONS
Figure 1 shows the outline of the system used for the experiment. It is a mini-split type air-conditioner system with
a nominal cooling capacity of 7.1 kW. The indoor unit and the outdoor unit are connected with two 7.5 meter
Standard length pipes. This system requires 1.55 kg amount of R32 refrigerant as indicated in Table 2.
The Compressor (Comp.) is capable of changing the revolution speed with a Variable Frequency Drive (V.F.D.).
The Expansion Valve (Exp. Valve) is electrically controlled to change the opening to adjust the mass flow rate
entering the evaporator from the condenser, and to adjust the degree of superheat at the compressor suction point.
The Four-way Valve (4-Way Valve) enables to switch Cooling and Heating operation by switching the function of
condenser and evaporator. In this diagram, the solid lines inside of the Four-way Valve indicate the flow directions
in the cooling operation. The compressed gas discharged from the compressor flows into the outdoor heat exchanger,
where the gas is cooled down and condenses into liquid phase. Then, the liquid is expanded, and lower the
temperature of itself at the Expansion Valve. After that, the liquid is heated up and vaporized into gas in the indoor
heat exchanger, and the gas from the indoor heat exchanger returns to the compressor to be compressed again.
During the test, measuring capacity of this system was conducted with a facility using the air-enthalpy method
(Psychrometric Type) which is described by ISO 5151-2010. Also, we measured temperature by T-type
thermocouples and measured pressure by pressure gauges at six points; discharge pipe and suction pipe of the
compressor, the inlet and outlet of the heat exchangers. At the midpoints of the heat exchangers, only temperature
was measured.
Table 3 shows three test conditions based on ISO 5151-2010. Operating mode was cooling.

Figure 1: Schematic Diagram of Test System

Table 2: Charged Amount of Refrigerant in the Test System
Refrigerant

HFO-mix
=R32 / R125 / R1234yf
（67 / 7 / 26）

R32
(Pure)

1.7

1.55

Optimized Refrigerant Charge (kg)

Table 3: Air Temperature Conditions at Cooling Operation
Condition
Indoor Unit Side (evaporator)
Outdoor Unit Side (condenser)

T2 (°C)

T1 (°C)

T3(H) (°C)

DB:21 / WB:15
DB:27 / WB:19

DB:27 / WB:19
DB:35 / WB:24

DB:32 / WB:23
DB:52 / WB:38
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3. TEST RESULTS
3.1 Experiment One: Selection of HFO-mix Refrigerant Charge
On T1 condition, we conducted experiments changing amount of HFO-mix, and compressor speed and adjusting
the opening ratio of the expansion valve. Then, we tried to find best the refrigerant charge which makes COP is best
around the nominal rated cooling capacity (7100W). As a result, we had found 1.7kg amount of the refrigerant HFOmix as shown in Table 2. When changing the filled refrigerant, we estimated how match refrigerant was needed
with reference the considering ratio of the density of the original refrigerant (R32). However, we needed more than
our estimation for some reasons.
Then, we charged 1.7kg of the HFO-mix and conducted the experiment on T1, T2, T3(H) conditions.

3.2 Experiment Two: System Capacity, Power Input and COP on Each Conditions

R32 T2
R32 T1
R32 T3(H)

8,000
7,000
6,000
5,000
4,000
3,000
2,000
1,000

HFO-mix T2
HFO-mix T1
HFO-mix T3(H)

HFO-mix T2
HFO-mix T1
HFO-mix T3(H)

2,000
1,500
1,000
500
0

10

30
50
70
Compressor Rev. (rps)

10

90

Figure 2: Cooling Capacity
6.0
5.5
5.0
4.5
4.0
3.5
3.0
2.5
1,000

R32 T2
R32 T1
R32 T3(H)

HFO-mix T2
HFO-mix T1
HFO-mix T3(H)

30
50
70
Compressor Rev. (rps)

90

Figure 3: Compressor Power Input
100
90
80
70
60
50
40
30
1,000

R32 T2
R32 T1
R32 T3(H)

HFO-mix T2
HFO-mix T1
HFO-mix T3(H)

Td (°C)

COP (-)

R32 T2
R32 T1
R32 T3(H)

2,500

Power Input (W)

Cooling Capacity (W)

We changed the compressor speed on T1, T2, T3(H) conditions in order to measure the system performance in the
wide capacity range. The control algorithm for changing the opening ratio of the electronic expansion valve was the
same with the R32 product system. At each refrigerant, expansion valve was adjusted the opening ratio to obtain the
optimal degree of superheat at the compressor suction point. Other configurations were all the same, such as heat
exchanger, air flow rate, machine oil, electrical equipment.
As described previously, the tests were conducted for two kinds of refrigerants, and the results were acquired and
compared with each refrigerant.
Figure 2 and Figure 3 show the performance capacity depending on the compressor speed on T1, T2, T3(H)
conditions. In terms of compressor speed, or cylinder volume, both of the cooling capacity and power input of R32
were larger than those of HFO-mix. However, Figure 4 show the power input of R32 was smaller than HFO-mix in
terms of cooling capacity.
The result at 50% of the nominal rated (3550W) on T3(H) condition, shows the COP of the HFO-mix decreases
6.3% relative to R32, and the power input was 72W larger than that of R32.
From the results of evaluation, HFO-mix at large cooling capacity, and high ambient temperature had worse COP
than R32. It is necessary to pursue the cause.
Figure 5 show the compressor discharge pipe temperature of R32 and HFO-mix. Temperature of R32 was 3.5 to
5.5K higher than that of HFO-mix. This difference of temperature is smaller than calculated in the theoretical

Decreased 6.3%

3,550

3,000
5,000
Cooling Capacity (W)

7,000

Figure 4: COP by Cooling Capacity

3,000
5,000
Cooling Capacity (W)

7,000

Figure 5: Compressor Discharge Pipe Temperature
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refrigeration cycle which mentioned in the sub-section 1.1.
This time, Tc rose to 60°C on T3(H) condition, however, discharge temperature rose to 90°C. Therefore, it is
possible to operate R32 without shortening the life of a compressor.

4. DISCUSSION
4.1 Policy of Analysis from Experiment Result
First, we verified from the theory to understand the experiment result.
Theoretical COP of the reverse Carnot cycle is calculated by COPth = Te / (Tc-Te). Figure 6 and Figure 7 shows
the measured Tc and Te by changing the compressor speed on T3 (H) condition. Tc and Te was used as a dew point
pressure equivalent temperature of Pd and Ps, respectively for comparing the theoretical power input easily which
will be described later. As for HFO-mix, Tc became slightly higher and Te became lower than in case of R32 with
increase of the capacity, COPth became lower than that of R32, because of expanding difference between Tc and Te
increases. As the result, the more power input of HFO-mix required to obtain the same capacity with the R32. At
50% of the nominal rated on T3(H) condition, Tc was 0.4K higher and Te was 2.1K lower than R32.
Tc and Te differ even if the capacity of HFO-mix is the same as that of R32 in the performance evaluation.
It indicates that the actual system has distinctive three phenomena.
 Refrigerant mass flow rate is increased to the latent heat is decreased.
Refrigerant Side Capacity (0) is calculated by the 0 = qmr ·h. When the refrigerant enthalpy difference h
of the inlet and that of outlet of the heat exchanger is small, in order to obtain the capacity , the Mass Flow Rate
(qmr) should be increased. And the temperature difference between the air and heat exchanger should be
increased in order to maintain the h, which means that Tc becomes high and Te becomes low.
 Even in using the optimum refrigerant charge, the effective heat transfer area for the latent heat is decreased
because the amount of subcooled liquid is increased.
At the refrigerant passing through the condenser, it is necessary to take a certain degree of subcool to avoid the
shortage of the latent cooling capacity. Also, even the refrigerant mass flow rate is increased, degree of subcool
will be difficult to obtain, because the specific heat is not changed significantly. In other words, mass flow rate is
increased, subcooled part of the condenser should be increased and it leads to the reduction of the effective heat
transfer area in the condenser for the latent heat exchange. In addition, the Heat Conductance (K), expressed in
k = KA(Tc-(Ta.in+Ta.out)/2). As the effective surface area, is decreased, Tc is increased to obtain the same capacity
of R32.
It is noted that the effect of the air side on the coefficient of K is higher than that of the refrigerant side in airconditioner. Therefore, the difference of the heat transfer rate of both refrigerants on the coefficient of K is not
considered.
 A large pressure loss in the heat transfer tubes and pipes.
Pressure loss is proportional to the square of the mass flow rate and inverse proportional to the density. As to
the density, for example Condenser Outlet Density, as shown in Table 1, at Tc = 45°C, Tc.out = 40°C, the density
of HFO-mix is 1.9% greater than that of R32. It can be said that it does not have a big impact on pressure loss.
R32 T3(H) Tc
R32 T3(H) Te

70

HFO-mix T3(H) Tc
HFO-mix T3(H) Te

Te / ( Tc - Te )

Tc, Te (°C)

60

11

50
40
30
20
10
1,500

2,500
3,500
Cooling Capacity (W)

Figure 6: Tc,Te on T3(H) condition

4,500

R32 T3(H)

HFO-mix T3(H)

10
9
8
7
6
1,500

2,500
3,500
Cooling Capacity (W)

Figure 7: Te/(Tc-Te) on T3(H) condition
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However, the increment of the mass flow rate has more impact on it as described above. In general, the pressure
loss is remarkably increased in the low pressure gas. Further, the pressure loss in the connecting piping between
the compressor suction and the evaporator leads to the increment of the specific volume at the compressor
suction and the decrement of the refrigerant mass flow rate. In other words, it is required to increase the
compressor speed to overcome the decrement of the refrigerant mass flow rate, and it leads to the increment of
the power input.
What is more, these influences mentioned above resulted in additional rise of Discharge Temperature.
These three phenomena are verified in the next section.

4.2 Refrigerating Effect and Mass Flow Rate in the Evaporator
Figure 8 shows the Refrigerating Effect in the evaporator described as heva is calculated based on the saturated
pressure and temperature of the condenser outlet and evaporator inlet. Figure 9 shows the Mass Flow Rate (qmr),
which is calculated from qmr=0 /heva. heva of HFO-mix was from 75 to 78% of that of R32, and the refrigerant
mass flow rate was increased accordingly. In particular, on the T3(H) condition where Tc shows the highest value
than any other conditions, HFO-mix can be seen that the decrement of the heva and the increment of mass flow rate
becomes remarkably than R32. The mass flow rate of HFO-mix was 1.32 times on T3(H) condition and 1.27 times
on T2 condition respectively compared with that of R32.
Thus, the mass flow rate of HFO-mix is increased by the decrement of the latent heat. It was found that a further
increase in high ambient condition. The reason why the mass flow rate of HFO-mix is increased remarkably in high
ambient condition is discussed in the sub-section 4.6.

4.3 Influence of Subcooled Liquid in the Condenser

R32 T2
R32 T1
R32 T3(H)

Δheva (kJ / kg)

300

HFO-mix T2
HFO-mix T1
HFO-mix T3(H)

250
200
150
1,000

3,000
5,000
Cooling Capacity (W)

7,000

Figure 8: Refrigerating Effect in the Evaporatorheva

Mass Flow Rate (kg/h)

Figure 10 shows the evaluation result about the characteristics of the Degree of Subcool (SC). As for SC, HFOmix was 0.5K lower than the R32. We estimated how much this subcooled liquid occupied in condenser. Based on
the evaluation results at 50% of the nominal rated (3550W) on T3(H) condition, we estimated: Tc=58.0°C, SC=2.5K
at HFO-mix, Tc=57.6°C, SC=2.9K at R32. The specific heat and density under each condition are shown Table 4.
When the refrigerant mass flow rate is the same, HFO-mix is slightly easier to obtain degree of subcool than R32.
However, when the refrigerant mass flow rate increases at HFO-mix, its advantage over R32 is reversed. That is, as
we considered in the sub-section 4.2, if the mass flow rate of HFO-mix was 1.32 times as much as R32, heat
radiation amount of HFO-mix requires 1.28 times as large in order to obtain degree of subcool.
Figure 11 shows the ratio of the Sensible Heat Capacity (ksc) and the Total Capacity (k) of the condenser. The
ratio of liquid in the condenser of HFO-mix was larger than that of R32 as the load increases or ambient increases.
The difference is 0.5% at 50% of the nominal rated (3550W) on T3(H) condition. It can be rephrased that latent
heat transfer area of HFO-mix is more decreased by subcooled liquid than the R32. Therefore, Pd and Tc will rise to
radiate the refrigerant. Tc of HFO-mix was 0.4K higher than that of R32, which caused power input difference; we
will discuss it in the sub-section 4.5.

140
120
100
80
60
40
20
0
1,000

R32 T2
R32 T1
R32 T3(H)

HFO-mix T2
HFO-mix T1
HFO-mix T3(H)

3,000
5,000
7,000
Cooling Capacity [W]

Figure 9: Mass Flow Rate
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Table 4: Calculated Properties of Refrigerants Charged to the Test System on T3(H) Condition
Refrigerant

Condenser Outlet Isobaric Specific Heat Cpc.out (KJ/kg・K)

HFO-mix
=R32/R125/R1234yf
（67 / 7 / 26）

R32
(Pure)

2.505 (96.9%)

2.584 (100%)

Condenser Outlet Density c.out (kg/m3)
819.05 (100.5%)
*Calculation Conditions: HFO-mix Tc=58°C, Condenser Outlet: Tc.out=55.5°C,
R32 Tc=57.6°C, Condenser Outlet: Tc.out=54.7°C
R32 T2
R32 T1
R32 T3(H)

10

HFO-mix T2
HFO-mix T1
HFO-mix T3(H)

Φksc / Φk

SC (K)

8
6
4
2
0
1,000

3,000
5,000
Cooling Capacity (W)

7,000

Figure 10: Evaluation Result about the Characteristics
of the Degree of Subcool
R32 T2
R32 T1
R32 T3(H)

Pressure Loss (MPa)

0.20

7%
6%
5%
4%
3%
2%
1%
0%
1,000

R32 T2
R32 T1
R32 T3(H)

814.81 (100%)

HFO-mix T2
HFO-mix T1
HFO-mix T3(H)

3,000
5,000
Cooling Capacity (W)

7,000

Figure 11: Ratio of the Sensible Heat Capacity (ksc)
and the Total Capacity (k) of the Condenser

HFO-mix T2
HFO-mix T1
HFO-mix T3(H)

0.15
0.10
0.05
0.00
1,000

3,000
5,000
7,000
Cooling Capacity (W)

Figure 12: Pressure Loss from the Evaporator Inlet to
the Compressor Suction

4.4 Influence of the Pressure Loss due to Mass Flow Rate
Figure 12 shows the pressure loss from the evaporator inlet to the compressor suction.
It can be seen that the pressure loss of HFO-mix is larger because the mass flow rate of HFO-mix is larger than that
of R32. We can see there is a tendency that the pressure loss is particularly large on the T3(H) condition. As
mentioned in the sub-section 4.2, one of the reasons is that mass flow rate is increased because heva is particularly
small in high ambient temperature. Difference between the pressure loss of R32 and HFO-mix at 50% of the
nominal rated (3550W) on T3(H) condition was 0.026MPa. This is equivalent to approximately 0.7K at the HFOmix temperature. This is not enough to fill the gap between the Te of HFO-mix and that of R32 as described in the
sub-section 4.1.
Pressure loss of HFO-mix was 0.026MPa larger than that of R32, which caused power input difference; we will
discuss it in the sub-section 4.5.
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Figure 13: Theoretical Enthalpy of
Compressor Work hth
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4,500

Figure 14: Compressor Theoretical Power Input Wth

4.5 Analysis of Power Input Difference
In the sub-section 4.2 to 4.4, we compared HFO-mix with R32, and mentioned the causes that make Tc higher and
Te lower particularly at the high ambient temperature of HFO-mix. Then we will verify how much power input is
increased by those causes. Figure 13 shows the theoretical enthalpy of Compressor Work (hth). It is calculated
from the following actual measurement value: pressure and temperature of compressor suction and discharge
pressure, and under the condition of adiabatic compression. Figure 14 shows the Theoretical Power Input (Wth)
calculated from Wth = qmr·hth. The influence of refrigerant mass flow rate, the subcooled liquid, and the pressure
loss shown in the sub-sections 4.2 to 4.4 is contained in the hth calculation, because it uses the actual discharge
pressure and suction pressure of compressor. The theoretical power input of HFO-mix is larger than that of R32.
We made the following calculation at 50% of the nominal rated (3550W) on T3(H) condition.
When estimating the theoretical power input in properties, HFO-mix is 73W larger than R32. As shown in the subsection 3.2, however, the actual difference of power input was 72W. One of the possible causes of this calculation
error of 1W is that various efficiency, discharge temperature, and refrigerator oil at the compressor operation may
cause the difference of loss.
However, we found the difference between the power inputs of HFO-mix and R32 is caused almost by the mass
flow rate, Tc and Te.
The sub-section 4.1 showed that Tc of HFO-mix was 0.4K higher than that of R32, which caused the difference of
8W to the theoretical power input when calculated in the same procedure as above. This corresponds to 11%
between the COP difference of R32 and HFO-mix. The sub-section 4.4 revealed that the pressure loss of HFO-mix
was 0.026MPa larger than that of R32, which caused the difference of 15W to the theoretical power input when
calculated in the same procedure as above. This corresponds to 20% of the COP difference between R32 and HFOmix.
We considered the influence of mass flow rate mentioned in the sub-section 4.2. We compared the theoretical
power input of HFO-mix after removing the effect of Tc and pressure loss mentioned above with the theoretical
power input calculated using the mass flow rate equivalent to R32 after converting the Pd and Ps into the refrigerant
properties of R32. And the power input of HFO-mix was 42W larger than that of R32. We also calculated another
way. HFO-mix’s theoretical compressor work was 0.82 times of R32’s, and HFO-mix’s mass flow rate was 1.32
times of R32’s. Furthermore, by multiplying these two numbers, we can get the theoretical power input of HFO-mix,
1.08 times. The theoretical power input of R32 was 579W and 8% of that was 48W. Thus, the effect of mass flow
rate is equal to approximately 67% of the difference between HFO-mix’s COP and R32’s.

4.6 Latent Heat in High Ambient Condition
Our analysis has shown that HFO-mix has lower refrigerating effect in higher ambient temperature and higher
capacity than R32. We have carried out verification from the perspective of refrigerant properties in order to
identify the causes find out. The P-h diagrams of various refrigerants are shown in Figure 15 and Figure 16. Since
HFO-mix has lower critical point and smaller latent heat than R32, as the pressure rises, the saturation lines of liquid
and gas approach each other.
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Figure 15: Cooling Capacity 6000W on T2 condition
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Figure 16: Cooling Capacity 3550W on T3(H) condition
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Figure 17: Ratio of Refrigerating Effect of the Each Refrigerant
on the Basis of R32 (Te =15°C, SC=3K, SH=1K)
Similarly, the latent heat of R32 declines as it approaches the critical point, but the decline is relatively small. Tc
becomes higher in accordance with the outside air, and it can be seen that the latent heat of the HFO-mix declined
more greatly in high ambient condition. Figure 17 shows the ratio of refrigerating effect of the each refrigerant on
the basis of the R32. The latent heat of HFO-mix declines as Tc rises, and a remarkable decline can be seen,
especially at Tc=50°C or more, as the T3 (H) condition.

5. CONCLUSIONS
The following results were obtained:
In the actual operation in a refrigeration system, effective heat transfer area in the condenser for latent heat
exchange or pressure loss in the evaporator heat transfer tubes and suction pipes, affect Tc and Te, which affects the
capacity and the COP.
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 The latent heat of HFO-mix is smaller than that of R32. This means that in order to obtain the same capacity,
higher refrigerant mass flow rate is needed. Thus, the heat transfer area to obtain degree of subcool increases at
the high refrigerant mass flow rate, that is, effective heat transfer area for the latent heat exchange decreases.
Therefore, Tc becomes higher, the compressor load becomes larger, and COP becomes lower.
 Pressure loss in the evaporator heat transfer tubes and suction pipes of HFO-mix is larger than R32. Te becomes
lower by pressure loss, and specific volume at the compressor suction increases. Therefore, compressor load
becomes larger to maintain the refrigerant mass flow rate which obtains the cooling capacity.
 In the high heat load such as high capacity and high ambient temperature, the latent heat of HFO-mix declines
remarkably, especially at Tc=50°C or more. Thus, the difference between the COP of HFO-mix and that of R32
becomes much higher.
The influences mentioned above resulted in additional rise of Discharge Temperature when using HFO-mix. Its
difference between R32 and HFO-mix is smaller than calculated in the theoretical refrigeration cycle.

NOMENCLATURE
TGL
SC
SH
Pd
Ps
wr
ws
COP
COPth
vs

c.out

Cpc.out
Ploss

0
k

Td
Tc
Te
Ts
Tc.out
Ta.int
Ta.out
DB
WB

Temperature Glide
Degree of Subcool
Degree of Superheat
Discharge Pressure
Suction Pressure
Refrigerating Effect
Compressor Work
Coefficient of Performance (= wr / ws )
Coefficient of Performance (=Te/(Tc-Te))
Specific Volume in Suction
Condenser Outlet Density
Condenser Outlet Isobaric Heat Capacity
Pressure Loss at Constant Capacity
Refrigerating Effect
Condensing Effect
Discharge Temperature
Condensing Temperature
Evaporating Temperature
Suction Temperature
Condenser Outlet Temperature
Air Inlet Temperature
Air Outlet Temperature
Dry Bulb Temperature
Wet Bulb Temperature

(K)
(K)
(K)
(MPa abs)
(MPa abs)
(kJ / kg)
(kJ / kg)
(–)
(–)
(m3 / kg)
(kg / m3)
(KJ/kg·K)
(% of kPa)
(kJ/ kg)
(kJ/ kg)
(°C)
(°C)
(°C)
(°C)
(°C)
(°C)
(°C)
(°C)
(°C)

REFERENCES
[1] Taira and Nakai 2010. “Trend of Heat Pump Systems Using Next-Generation Refrigerant,” Annual Conference
of the Japan Society of Refrigerating and Air Conditioning Engineers.
[2] Yajima, Kita, Taira, and Domyo. 2000. “R32 AS A SOLUTION FOR ENERGY CONSERVATION AND LOW
EMMISION,” Eighth Purdue International Refrigeration.
[3] Taira and Haikawa 2014. “Evaluation of Performance of Heat Pump System using R32 and HFO-mixed
Refrigerant,” 15th International Refrigeration and Air Conditioning Conference at Purdue.
[4] Abdelaziz, Shrestha, Munk et al. 2015. “Alternative Refrigerant Evaluation for High-Ambient-Temperature
Environments: R-22 and R-410A Alternatives for Mini-Split Air Conditioners” Oak Ridge National Laboratory.

ACKNOWLEDGEMENT
We thank our co-workers of Product Development Division who helped our jobs while we were writing this paper.

16th International Refrigeration and Air Conditioning Conference at Purdue, July 11-14, 2016

